
A .  Backaround and I n t r o d u c t o r v  Statement  

I n  1961 w e  f i r s t  a p p l i e d  f o r  a g r a n t  t o  exp lo re  t h e  u s e  
of e l e c t r o n i c  c i r c u i t s  as a s u b s t i t u t e  f o r  c o n t r o l  of a muscle 
o r  organ whose normal phys io log ic  c o n t r o l  had been impaired,  
I t  w a s  f e l t  t h a t  engineering,achievements i n  m i n i a t u r i z a t i o n  
and t r a n s i s t o r i z e d  c i r c u i t r y  had g r e a t  p o t e n t i a l  f o r  t h i s  
a p p l i c a t i o n ,  as d i s t i n g u i s h e d  from ins t rumen ta t ion - - the  
t r a d i t i o n a l  r o l e  of  e l e c t r o n i c s  i n  medicine,  

For some y e a r s  t h e  p r i n c i p a l  i n v e s t i g a t o r  had been doing 
exper imenta l  work on s e v e r a l  related p r o j e c t s :  a n  implantab le  
c a r d i a c  pacemaker d i f f e r i n g  somewhat from t h a t  of Chardack who, 
i n  1960, had r e p o r t e d  t h e  f i r s t  c l i n i c a l  expe r i ence  wi th  such 
a dev ice ;  a s e l f - t r i g g e r i n g ,  e l e c t r o n i c a l l y  c o n t r o l l e d  
" a u x i l i a r y  v e n t r i c l e "  c o n s t r u c t e d  by wrapping a p o r t i o n  of i n -  
ne rva ted  diaphragm around t h e  t h o r a c i c  a o r t a ;  and t h e  program- 
ming of coord ina ted  l e g  movements i n  an a n e s t h e t i z e d  dog by 
"playing" a t ape- recorded  walking motion i n t o  muscle groups 
around t h e  h i p  and knee. 

The g r a n t  a p p l i c a t i o n  o u t l i n e d  t h e  c o n t i n u a t i o n  of t h e s e  
p r o j e c t s  and t h e  i n i t i a t i o n  of s e v e r a l  o t h e r s  s i m i l a r  i n  con- 
c e p t ,  i n c l u d i n g  phrenic-nerve s t i m u l a t i o n  of t h e  diaphragm as 
a p o s s i b l e  means of ma in ta in ing  diaphragmatic  v e n t i l a t i o n  i n  
r e s p i r a t o r y  i n v a l i d s  and t h e  development of a r a d i o - c o n t r o l l e d  
a r t i f i c i a l  s p h i n c t e r  f o r  pe r sons  wi th  u r i n a r y  o r  fecal  i n -  
cont inence ,  I n  each i n s t a n c e  t h e  o b j e c t i v e  w a s  t o  r e s t o r e  
some degree  of f u n c t i o n  t o  t h e  muscle o r  organ by " e l e c t r o n i c  
i n t e r v e n t i o n , "  With t e c h n o l o g i c a l  developments such as u l t r a -  
mina tu r i zed  c i r c u i t s ,  l o n g - l i f e  bat ter ies ,  new p l a s t i c s  and 
o t h e r  materials compatible  w i t h  human t i s s u e ,  t h e  t i m e  seemed 
r i p e  f o r  an  e f f o r t  i n  t h i s  d i r e c t i o n .  

The p r i n c i p a l  i n v e s t i g a t o r ,  a c a r d i o v a s c u l a r  surgeon,  
r e a l i z e d  t h a t  t h e  s imultaneous p u r s u i t  of t h e s e  p r o j e c t s  might 
be r ega rded  as unconvent ional  i n  t h a t  v a r i o u s  phys io log ic  
systems w e r e  involved ,  Y e t  t h i s  approach seemed advantageous 
i n  view of t h e  numerous common problems. Among t h e s e  w e r e  
a d a p t a t i o n  of advanced e l e c t r o n i c  c i r c u i t r y  and components t o  
b i o l o g i c  systems;  de t e rmina t ion  of  requi rements  f o r  s t i m u l a t i o n  
of those  systems i n  an imals  and  i n  humans; des ign ing  of e l e c t r o d e s  
capable  of long-term cont inuous  muscle and/or nerve s t i m u l a t i o n ;  
development of s u r g i c a l  t echniques  f o r  implant ing  e l e c t r o d e s  and 
c i r c u i t s ;  and e x p l o r a t i o n  i n t o  t h e  most d e s i r a b l e  methods-- 
b i o l o g i c  as w e l l  as e l e c t r o n i c - - o f  e n e r g i z i n g  implanted c i r cu i t s ,  
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A m u l t i - p r o j e c t  approach appeared more economical,  i n  
bo th  e f f o r t  and money, and more l i k e l y  t o  ensure  maximum 
u t i l i z a t i o n  of  expensive equipment, I t  o f f e r e d  t h e  p o s s i b i l i t y  
of assembling an  i n t e r d i s c i p l i n a r y  group t h a t  would ga in  i n -  
t e n s i v e  expe r i ence  i n  t h i s  f i e l d .  With an  accelerated e f f o r t ,  
f o r  example, s i m i l a r i t i e s  and  d i f f e r e n c e s  i n  muscle or  organ 
response t o  e l e c t r o s t i m u l a t i o n  could  be qu ick ly  perce ived .  

O u r  own expe r i ence  s i n c e  r e c e i v i n g  t h e  g r a n t ,  and o t h e r  
l a b o r a t o r i e s  awakening i n t e r e s t  i n  t h i s i f i e l d ' ,  have r e i n -  
f o r c e d  our  conv ic t ion  t h a t  t h e  e f f o r t  i s  t ime ly  and t h a t  t h e  
proposed o r g a n i z a t i o n a l  and  a d m i n i s t r a t i v e  approach i s  work- 
a b l e  and va luab le ,  

I n v e s t i g a t i o n s  carried o u t  t o  date are summarized later 
i n  i n d i v i d u a l  p r o g r e s s  r e p o r t s .  Most of t h e  p r o j e c t s  i n v o l v e  
d i r e c t  muscle s t i m u l a t i o n ,  w i t h  encouraging r e s u l t s  on t h e  whole, 

The cardiac pacemaker, developed w i t h  t h e  General  Electr ic  
Company, i s  now a v a i l a b l e  t o  t h e  medical community and r e p o r t s  
on i t s  u s e  by o t h e r  c e n t e r s  are reach ing  t h e  l i t e r a t u r e ,  R e -  
maining problems, l a r g e l y  r e l a t e d  t o  e l e c t r o d e  breakage and 
dis lodgment ,  as w e l l  as improvements i n  pacemaker des ign  are 
under s t u d y  i n  our  l a b o r a t o r y  and elsewhere.  

Our own and t w o  o t h e r  r e p o r t s  on e lec t r ic  s t i m u l a t i o n  of 
t h e  neurogenic  bladder appeared i n  close success ion ,  A group 
a t  t h e  U n i v e r s i t y  of Pennsylvania  r e p o r t e d  animal  experiments  
only. Our r a d i o - l i n k e d  bladder s t i m u l a t o r ,  developed w i t h  
t h e  Avco-Everett Research Labora tory ,  i s  now be ing  tested 
c l i n i c a l l y .  Workers a t  t h e  U n i v e r s i t y  of Minnesota have a lso 
developed a bladder s t i m u l a t o r  which h a s  reached t h e  c l i n i c a l  
s tage .  I n v e s t i g a t o r s  a t  s e v e r a l  i n s t i t u t i o n s ,  i nc lud ing  t h e  
Veterans  Admin i s t r a t ion  H o s p i t a l  i n  Richmond, V a , ,  (a p a r a p l e g i c  
g e n t e r )  and t h e  U n i v e r s i t y  of Michigan Medical Center ,  have ex- 
p r e s s e d  t h e  desire t o  c a r r y  out  s t u d i e s  based on our neurogenic  
b ladder  experiments ,  The Avco Corpora t ion  has  agreed  t o  make 
a v a i l a b l e  t h e  s t i m u l a t o r  developed wi th  our l abora to ry .  W e  are 
p lanning  an in fo rma l  working conference t o  d i s c u s s  problems 
a s s o c i a t e d  wi th  t h i s  p r o j e c t  and b e l i e v e  t h a t  p rog res s  w i l l  be 
accelerated w i t h  s e v e r a l  groups working s imultaneously.  

E l e c t r o s t i m u l a t i o n  of p o s t o p e r a t i v e  adynamic i l e u s  i n  t h e  
dog and i n  man has  been r e p o r t e d  by our l a b o r a t o r y  and by 
workers a t  t h e  U n i v e r s i t y  of Minnesota,  A dev ice  developed f o r  
t h i s  purpose i s  now be ing  marketed f o r  g e n e r a l  use. . I n  our 
op in ion ,  e x t e n s i v e  c o n t r o l l e d  c l i n i c a l  s t u d i e s  are s t i l l  needed 
t o  r e v e a l  p o s s i b l e  c o n t r a i n d i c a t i o n s  t o  t h e  method, f t s  r e l a t i v e  
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usefulness prophylactically and therapeutically, and stimulation 
techniques resulting in the most effective and rapid restoration 
of generalized peristalsis, 

Liberson at the Hines, Ill., VA Hospital, and also the 
Heinicke Instruments Company, have developed devices utilizing 
electric stimulation of muscles to improve the gait of hemi- 
plegics, In an effort to find out whether paralyzed limbs 
can be controlled digitally, workers at the Case Institute in 
Cleveland designed an externally powered splint for studying 
upper extremity movement. 

While attempting to lighten the left ventricle's work 
by stimulating a hemidiaphragmatic segment wrapped around the 
thoracic aorta, we were also working on an implantable, 
electronically controlled prosthesis for the same purpose. 
Recent efforts have been concentrated on the air-driven 
mechanical "pump" since it requires less extensive surgery and 
results in a more marked drop in left ventricular pressure. The 
counter-pulsation principle, developed some years ago in our 
laboratory, has been applied clinically for the treatment of 
acute myocardial infarcts by Harken, Soroff, and others. 
DeBakey has described an intrathoracic pump using an implanted 
silicone plastic device powered by compressed air to assist 
the damaged left ventricle. 

A significant step toward our overall objective is achieve- 
ment of long-term continuous electrostimulation of a peripheral 
nerve. The phrenic nerve in dogs was stimulated day and night, 
for periods ranging up to five months.- by means of a portable 
stimulator..mounted on the dog's harness. 

Our decision to seek a research-program project was also 
based on a number of administrative and organizational needs: 

1. Recruitment of a high-caliber co-investigator. A 
co-investigator was specified in our original budget where we 
requested $156,631 for the first year and $174, 674 for each of 
the next four years. The grant awarded, $90,000 for the first 
year and $75,000 for the next two years, has enabled us to en- 
gage well-qualified surgical research associates for a one- or 
two-year period, one full-time and one part-time electronics 
engineer, biophysics and engineering consultants, but not a 
full-time co-investigator. Moreover, inquiries revealed that 
it would be difficult to recruit an able biophysicist or 
physiologist unless we could offer reasonable tenure, 
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As current projects move from the experimental to the 
clinical stage, it is anticipated that patient studies will 
make increasingly heavy demands upon the principal investigator's 
time, A Co-investigator would, of course, participate in such 
studies but his main task would be to share research and ad- 
ministrative responsibility in the experimental laboratory. 

2 .  Maintenance of the momentum of relationships. Con- 
siderable time and energy is expended on meetings to develop 
good working relationships with other groups involved in our 
projects. Such relationships, however, become progressively 
productive. We are closely collaborating in this way with, 
the General Electric Company, the Avco Corporation, and the 
Rehabilitation Service of Downstate Medical Center, which is 
participating in the bladder stimulation project. 

3 ,  Long-range planning. Assurance of support for five 
to seven years would obviate the expenditure of time and energy 
to secure additional money periodically, and would permit un- 
interrupted studies over several years. When the bladder stim- 
ulator was ready for clinical trial, it was necessary to seek 
funds elsewhere. (The Office of Vocational Rehabilitation 
awarded us a grant of $40,632 for a one-year study,) Controlled 
clinical evaluation of the effects of electrostimulation on the 
postoperative adynamic ileus has been delayed for lack of funds. 

There have been recent institutional changes which it is 
believed will contribute to a favorable atmosphere for con- 
tinuation of this work. Coney Island, one of New York City's 
municipal hospitals, is being affiliated with Maimonides 
Hospital. The principal investigator has recently accepted 
the appcjintment as Director of Surgical Services at Maim- 
onides, We thus expect an added source of patient material, 
and more full-time, research-oriented surgical staff igb-both 
institutions. 

A valuable "by-product" of our program is broadened interest 
in tnis field i n  centers to which our Resedrcn Associates have re- 
turned after their stay in our laboratory. Dr. Martin Schamaun 
is continuing studies on tne neurogenic bladder and the adynamic 
ileus at tne Kantonsspital 05 tne University of Zuricn, and Dr. 
Raoul devilhers is being given special equipment and zacilities 
to pursue worK on tne phrenic nerve and the neurogenic bladder 
at the University 02 Cape Town Medical School, where cardio- 
vascular surgeons have also shown interest in our caraiac pace- 
maker. 



Objec t ives  and Program 

W e  are Seeking a research program-project  s o  t n a r  w e  can 
(1) c o n s o l i a a t e  t n e  knowledge and  tecnniques  ga ined  i n  our 
l a b o r a t o r y  du r ing  t h e  p a s t  two y e a r s  ana  ( 2 )  exp lo re  new means 
or s u b s t i t u t i n g  e l e c t r o n i c  c o n t r o l  r o r  impai rea  pnys io log ic  
c o n t r o l  or organs or muscles,  

w e  are s t i l l  con t inu ing  t o  work towara t h e  o v e r a l l  
o b j e c t i v e s  o u t l i n e d  i n  our  o r i g i n a l  a p p l i c a t i o n :  

1, To develop tecnniques  invo lv ing  e l e c t r o n i c  c i r c u i t r y  
and u l t r a - m i n i a t u r i z e d  components, and a d a p t  tnem f o r  t n e  
c o n t r o l  or impaired phys io log ic  systems. 

2 ,  To  c o n s t r u c t  e l e c t r o d e s  capable  or dependable,  long- 
t e r m  s t i m u l a t i o n  OT a nerve wi thou t  invoking  adverse  t i s s u e  
r e a c t i o n s ,  

3 .  To e v a l u a t e  metnods or  e n c a p s u l a t i n g  an  implanted 
e l e c t r o n i c  c i r c u i t  ror optimum p r o t e c t i o n  o f  botn p a t i e n t  
and  c i r c u i t .  

4,  To develop s u r g i c a l  t ecnniques  f o r  implant ing  
min ia tu re  e l e c t r o n i c  c i r c u i t s  i n  t h e  body t h a t  can be main- 
t a i n e d  f o r  long-term e l e c t r o s t i m u l a t i o n ,  

5, To d e v i s e  o b j e c t i v e  methods of e v a l u a t i n g  t h e  
e f f e c t i v e n e s s  of t h e  techniques  worked o u t  i n  our l abora to ry .  

6. To determine t h e  most desirable methods, b i o l o g i c  as 
w e l l  as e l e c t r o n i c ,  of e n e r g i z i n g  implanted  c i r c u i t s .  

7, I n  a d d i t i o n ,  w e  now p l a n  t o  c a r r y  o u t  c l i n i c a l  t r b i l s  
of methods which have been found e f f e c t i v e  and p r a c t i c a b l e  
du r ing  ! ex tens ive  s t u d i e s  i n  an imals ,  

Fu tu re  o b j e c t i v e s  for  each p r o j e c t  appear  a t  t h e  conclus ion  
of t h e  p r o g r e s s  r e p o r t s ,  which also i n d i c a t e  any p r o j e c t s  t h a t  
have been completed, o r  w i l l  be  d i scon t inued  i n  t h e  near  f u t u r e ,  


